Abstract: Morphological and anatomical characters and oil bodies were studied in 52 samples from Poland: 31 samples of typical Calypogeia muelleriana and 21 of a newly detected taxon with the use of isozyme markers. Plants of the new taxon morphologically resemble C. muelleriana, but differ from it significantly in 16 morphological traits as well as oil body characters. The greatest morphometric differences were found in the features connected with underleaves. The Mahalanobis distance based on the 47 quantitative traits, between the newly detected taxon and C. muelleriana was larger than that between C. muelleriana and C. azurea ñ a generally accepted species. The forward stepwise method of discriminant analysis showed that the set of diagnostic characters could be limited to five. A dendrogram constructed on the basis of the Euclidean distance, using the set of diagnostic characters, divided the examined samples into two groups that correlated with groups detected by genetic markers. Results of a multivariate analysis showed that five morphological traits are sufficient for a proper classification of plants to these two taxa.
Introduction
Calypogeia Raddi is considered as one of the most difficult genera among liverworts (Schuster 1969; Szweykowski 2006) . The simple morphological structure of the gametophyte together with high, environmentally induced, phenotypic plasticity resulted in a situation when valid distinction between species may be masked (Schuster 1969; Szweykowski 1984) . On the one hand, environmentally induced modifications were sometimes described as distinct species (Warnstorf 1917) ; on the other hand, truly distinct species may be still unrecognized. Application of experimental methods, such as isozyme and molecular markers combined with biometry, to bryophyte taxonomy in many cases helped to recognize hidden taxa and to determine species taxonomic boundaries and, subsequently, to find good diagnostic characters, e.g. for Porella baueri (Schiffn.) C. Jens. (Boisselier-Dubayle et al. 1998) , Conocephalum salebrosum Szweyk., Buczk. & Odrzyk. (Szweykowski et al. 2005) or for those regarded by many authors, e.g. Schuster (1969) , Shlyakov (1979) and M¸ller (1951-1958) , as difficult species pairs of the Calypogeia genus, i.e., C. muelleriana (Schiffn.) M¸ll. . Morphological and anatomical studies based on genetically identified plants in some cases make it possible to find new morphological features, facilitating identification of newly distinguished taxa, as in the Conocephalum conicum complex (Szweykowski et al. 2005) .
Recent isozyme studies of the Polish species of Calypogeia indicate that some new taxa, unrecognized to date, may occur in Poland apart from the well known and accepted species, such as: C. integristipula, C. neesiana, C. azurea, C. muelleriana, C. suecica (Arnell & J. Perss.) M¸ll. Frib. and C. sphagnicola (Szweykowski & Krzakowa 1990; Buczkowska et al. 2004; Szweykowski 2006) . Two genetically distinct groups of plants, which differ in terms of oil body features and morphology, were recognized within the complex of C. fissa (L.) Raddi (Buczkowska 2004b) and C. sphagnicola (Buczkowska et al. 2009 ). Another taxon detected in this way is the taxon that morphologically resembles C. muelleriana. For this reason, it has been previously overlooked (Buczkowska 1999) . Morphological differences between C. muelleriana and the newly detected unit, in view of a high morphological plasticity of liverworts, could be misinterpreted by most taxonomists as environmentally induced variation of C. muelleriana. The newly detected unit corresponds with an atypical form of C. muelleriana reported by Szweykowski (2006) . This author noted morphological diversification of the species in Poland and distinguished two forms, i.e. typical and atypical, and suggested that the taxonomical status of the atypical form demands further clarification. According to Szweykowski (2006) , the typical form is widespread in the south-western parts of Poland, whereas the atypical form occurs in the western part of lowlands. Isozyme studies have proved that the above forms of C. muelleriana are genetically distinct taxa (Buczkowska & Bπczkiewicz submitted). The genetic distance among typical C. muelleriana and the newly detected group was higher (D = 1.093) than between the two wellknown and accepted species: C. muelleriana and C. azurea (D = 0.628). Genetic differences between the examined taxa were also higher than between different liverwort species belonging to the same genus, e.g. (Adamczak et al. 2005) .
The aim of my studies was to answer the following questions: (i) is the taxon recently distinguished in Poland on the basis of isozyme studies morphologically distinct from the typical form of C. muelleriana, and (ii) what is the range of variation of morphological and anatomical characters?
Material and methods

Plant material
Plants used in biometrical studies were collected from different regions of Poland (Appendix). Plants were initially determined on the basis of morphological traits according to M¸ller (1951-1958) , Schuster (1969) and the authorís observations (Buczkowska 2004a). In living plants, directly after collection, oil body characters were studied. After identification, each sample was divided into two parts: one was deposited as a voucher in the POZW herbarium, while the other was used for izozyme analysis and biometrical studies. A total of 52 samples of C. muelleriana s.l. from 16 populations were examined: 31 samples of the typical form and 21 of the atypical form (the genetically detected new taxon). The Discriminat Analysis was also conducted on 35 samples of C. azurea used in the previous biometrical study by Buczkowska (2004a) for comparative purposes. Since C. azurea is the widespread, genetically and morphologically distinct, well-known and generally accepted species of the genus Calypogeia (M¸ller 1951 -1958 Schuster 1969; Buczkowska et al. 2004) , it was the best species to be designated as a reference group.
Biometrical analysis
Each sample used in biometrical studies was genetically identified on the basis of 11 isozyme loci. Five stems from each sample were measured and biometrical analysis of 47 morphometric traits was performed according to the method described by Buczkowska (2004a). Descriptive statistics, i.e. means, ±95% confidence intervals for the mean, standard deviations, minimums, maximums and coefficients of variation, were computed to evaluate the range of variation of anatomical and morphological traits. Normality of the data was verified by the Shapiro-Wilk test. The significance of the difference between two means was tested by oneway analysis of variance (ANOVA). Multivariate analyses, i.e. discriminat analysis and cluster analysis (agglomeration and k-means clustering methods), were performed to examine relationships between the investigated groups and to find the best characters that facilitate discrimination between the groups. For cluster analysis standardized data were used. Biometrical data were analysed statistically using STATISTICA 8.0 for Windows.
Results
Morphometry
Descriptive statistics and the coefficient of variation of all examined characters were calculated for the two groups distinguished on the basis of isozyme markers: the newly detected taxon and the typical form of C. muelleriana (Table 1) . Analysis of variance (ANOVA) showed that the two groups differ significantly in 16 analysed traits. The greatest differences between the studied groups were found in the features connected with underleaves: traits 13, 7, 11, 4, 5 and 2 had the highest values of F statistics (Table 1, Figs. 1-2). The newly detected taxon differs significantly also in four leaf and three stem characters; however, from these traits only one (No. 20) had a high value of F statistics ( Table 1) .
The discriminant analysis based on the 47 quantitative morphological and anatomical characters revealed a distinct morpho-anatomical gap between the studied forms. The scatterplot for the two discriminant functions (canonical roots) shows that the most significant and clear discrimination is provided for the two studied groups by the first discriminant function (Fig. 3) . The second function provides discrimination between C. muelleriana s.s. and the new taxon, (they both show negative values for the second canonical function) and the reference species, C. azurea,which shows positive values. Mahalanobis distance between the new taxon and C. muelleriana s.s. was bigger (D = 16.49) than between C. azurea and the typical form of C. muelleriana (D = 13.95 ), as well as between C. azurea and the newly detected taxon (D = 10.72). All Mahalanobis distances were statistically significant at p ≤ 0.001. Characters most strongly correlated with the 1 st discriminant function were 13, 7, 11, 20 and 2, thus these characters play the most important role in separating the examined groups of C. muelleriana. Characters that were responsible for the separation of both groups of C. muelleriana and C. azurea, included 32, 16, 20, 12 and 7. These characters are most strongly correlated with the 2 nd discriminant function. In order to verify how many characters are necessary for the correct classification of plants of the studied groups, the forward stepwise method of discriminant analysis was used. Wilksí lambda criterion was the basis for the creation of a set of characters best discriminating the studied taxa. The calculated Wilksí Lambda value fits the range from 0 (perfect discrimination) to 1 (a lack of discrimination). In the 5th step, discrimination between the analysed taxa was highly significant (Wilksí Lambda = 0.036; F = 247.11, p<0.0001), thus the set of diagnostic characters could be limited to five traits having the biggest discriminative power: 7, 13, 2, 11, 20.
The diagnostic value of 5 traits selected above was tested by performing cluster analysis. The dendrogram constructed on the basis of the Euclidean distance divided the examined samples into two groups, which correlated with groups detected by genetic markers: C. muelleriana s.s. and the new taxon (Fig. 4) . Correctness of the partitioning was verified by the k-means clustering method of cluster analysis. In this method the number of clusters is established a priori and investigated samples are allocated into these clusters with the goal of minimizing the within-cluster variance and maximizing the between-cluster variance. In this case results of k-means clustering entirely matched the clusters found in the joining analysis, all samples of the new taxon were included in the cluster 1, whereas all samples of C. muelleriana s.s. in the cluster 2 (Fig. 5) . The results of multivariate analysis showed that five morphological traits (7, 13, 2, 20, 11) are sufficient for a proper classification of plants into these two taxa.
Oil bodies
The taxa distinguished within C. muelleriana s.l. on the basis of isozyme patterns also differed in the characters of oil bodies. In both taxa, oil bodies are colourless, present in all cells of leaves and underleaves, usually divided into segments, rarely spherical (undivided). However, oil bodies in the plants of typical C. muelleriana are smaller (3-) 5-6 x 8-10(-15) µm, (3-) 4-6 (-8) per cell, while in plants of the newly detected taxon oil bodies are bigger (4-8 x 10-17 µm), (3-) 6 (-9) per cell and more distinctly segmented than these of the typical form (Fig. 6 ).
Discussion
Isozyme studies have proved that plants named by Szweykowski (2006) as the atypical form of C. muelleriana in fact represent the new taxon, which is genetically distinct from all Calypogeia species occurring currently in Poland, including the groups recently detected within C. fissa and C. sphagnicola (Buczkowska & Baczkiewicz submitted). The present biometrical analyses also revealed its morphological distinctness. Because the taxon under consideration most strongly resembles C. muelleriana s.s. and, in addition, the two taxa co-occur in the northern part of the country and sometimes form mixed patches, particular attention was paid to the morphological comparison between the typical C. muelleriana and the newly detected taxon. The typical form of C. muelleriana in respect of morphological characters exactly corresponds with its type specimen, with which the plants growing in Poland were compared in detail (Buczkowska 2004a). The new taxon differs from C. muelleriana s.s. in oil bodies features, therefore, the classification of fresh material should not be difficult. In Calypogeia oil body characters are regarded as highly diagnostic, which offers a possibility of a quick and accurate identification of particular species (Buch 1935; Szweykowski & Krzakowa 1990; Buczkowska 2004a; Buczkowska et al. 2004) . Moreover, statistically significant differences in 16 other morphological traits facilitate identification of herbarium material without data on oil bodies. The studied taxa do not differ in their overall size (trait 46) and the shape of leaves (traits 23-33). The most useful morphological features separating the two taxa are characters describing the shape of underleaves, i.e. the measure of underleaf decurrence (trait 13), underleaf sinus depth (trait 11), the number of cells between the sinus and the base of underleaf (trait 7) as well as cell size (traits 2, 4, 5). The new taxon, in contrast to C. muellerina s.s., has underleaves that are not decurrent, with a distinct sinuses, most often with angulations or obtuse teeth on lobe external margins. The number of cells between the sinus and the base of the underleaf is lower (average 2.8) in the new taxon than in C. muellerina s.s. (average 6.5). Some statistically significant differences were also found in stem structure (traits 35, 41, 47) . In the new taxon, narrower stems with more numerous, but smaller cells were observed. Biometrical analyses showed that the newly detected taxon differs from the other species of the Calypogeia genus occurring in Poland, including the newly detected groups in C. fissa and C. sphagnicola (Buczkowska 2004a (Buczkowska , 2004b Buczkowska et al. 2009 ). The obtained results make it possible to describe the studied group as a separate species. However, abundant herbarium material needs to be examined in detail to establish finally the taxonomic status of the analysed taxon. So far, many new species were described within the Calypogeia genus, with some of them being subsequently reduced to synonyms of particular species (M¸ller 1951 -1958 Schuster 1969) , therefore it has to be verified if any of the several already published names fits the taxon discussed above.
